Coral bleaching occurs worldwide with increasing frequencies and intensities, which is caused by the stress response of stony coral to environmental change, especially increased sea surface temperature. In the present study, transcriptome, expression, and activity analyses were employed to illustrate the underlying molecular mechanisms of heat shock protein 70 (HSP70) in the stress response of coral to environmental changes. The domain analyses of assembled transcripts revealed 30 HSP70 gene contigs in stony coral Pocillopora damicornis. One crucial HSP70 (PdHSP70) was observed, whose expressions were induced by both elevated temperature and ammonium after expression difference analysis. The complete complementary DNA (cDNA) sequence of PdHSP70 was identified, which encoded a polypeptide of 650 amino acids with a molecular weight of 71.93 kDa. The deduced amino acid sequence of PdHSP70 contained a HSP70 domain (from Pro8 to Gly616), and it shared the highest similarity (95%) with HSP70 from Stylophora pistillata. The expression level of PdHSP70 gene increased significantly at 12 h, and returned to the initial level at 24 h after the stress of high temperature (32°C). The cDNA fragment encoding the mature peptide of PdHSP70 was recombined and expressed in the prokaryotic expression system. The ATPase activity of recombinant PdHSP70 protein was determined, and it did not change significantly in a wide range of temperature from 25 to 40°C. These results collectively suggested that PdHSP70 was a vital heat shock protein 70 in the stony coral P. damicornis, whose mRNA expression could be induced by diverse environmental stress and whose activity could remain stable under heat stress. PdHSP70 might be involved in the regulation of the bleaching owing to heat stress in the stony coral P. damicornis.
Introduction
Heat shock protein 70 (HSP70) is an important molecular chaperone expressed ubiquitously, and it plays a central role in the stress response against the change of internal and external environment through helping misfolded protein regain nature conformation and recovery of its biological activity (Chiappori et al. 2016; Swain et al. 2006) . When the eukaryote organisms suffer from environmental stress, such as increased temperature, HSP70 bind to the misfolded proteins and dissociate from heat shock factor, which allows heat shock factor to form trimers, translocate to the cell nucleus, and then launch the transcription of HSP70 (Prahlad and Morimoto 2009; Schuetz et al. 1991) . The process depends on the energy supplied by the ATPase activity of HSP70 (Mashaghi et al. 2016; Freeman et al. 1995) . In addition to improving overall protein integrity, HSP70 can be involved in the inhibition of apoptosis via blocking the form of apoptosome complex or interacting with endoplasmic reticulum stress sensor protein (Gupta et al. 2010; Beere et al. 2000) .
HSP70 is also involved in the stress response of stony corals against environmental change, which can result in coral bleaching and threat their survival and reproduction (Rosic et al. 2014; Leggat et al. 2011 ). HSP70 genes have been identified and characterized in many stony corals, such as Stylophora pistillata, Pocillopora damicornis, and Acropora millepora (Louis et al. 2017; RodriguezLanetty et al. 2009; Hashimoto et al. 2004; Tom et al. 1999) . It has been observed that the messenger RNA (mRNA) and protein expression of HSP70 were both upregulated when stony coral suffer from various environmental changes (Nakamura et al. 2012; Putnam et al. 2012; Venn et al. 2009; Fang et al. 1997; Hayes and King 1995) . For example, the expression levels of HSP70 mRNA increased significantly in stony coral Acropora aspera and Montastraea franksi under the heat and copper stresses, respectively (Louis et al. 2017; Venn et al. 2009 ). The expression of HSP70 proteins were induced by pathogen infection in Goniopora columna and heat stress in Stylophora pistillata and Porites cylindrca (Seveso et al. 2017; Fitt et al. 2009 ). Furthermore, it has been considered that HSP70 has implications for the bleaching of stony coral under environmental stress (Douglas 2003; Downs et al. 2002; Hayes and King 1995) , and therefore, it has been incorporated in a molecular biomarker system to assess the physiological status of stony coral Montastraea faveolata challenged by heat stress (Downs et al. 2000) , or employed as an crucial parameter to estimate the tolerance of stony corals to environmental change (Nakamura et al. 2012; Brown et al. 2002) . However, the systemic response of coral HSP70 to environmental stress and its potential activity features are still far from well understood, which might be required to better understand the molecular mechanism of coral bleaching.
P. damicornis, a stony coral mainly distributed in the tropical/subtropical area of the Indian and Pacific Oceans, belongs to Pocilloporidae, and has also suffered serious bleaching, which arises mainly from in environmental changes such as sea surface temperatures and leads to the degradation of coral reef ecosystem worldwide (Hughes et al. 2017; Weis 2008; Berkelmans 2002; Hoegh-Guldberg 1999) . The stony coral P. damicornis has been selected as a biologic modal to project the effects of environmental stress on stony corals (Bramanti et al. 2015) , and investigations of its HSP70 function under environmental changes will contribute to further understanding of the stress response mechanism of stony coral and offer enlightenment to the control of coral bleaching. The purposes of this study are to (1) identify all HSP70 genes from assembled transcripts, (2) group the HSP70 genes based on their expression change and confirm their expression responsive, and (3) survey the effect of temperature on HSP70 activity to expand our current knowledge of HSP70 function in the bleaching of the stony coral P. damicornis.
Materials and methods

Coral and heat treatment experiment
Stony coral P. damicornis were collected from the coral reef in Wenchang, Hainan Province, China, and maintained in filtered seawater flow-through aquaria at 28°C (0.45 μm, with a volume of several hundred liters). Four fluorescent bulbs (Philips T5HO Activiva Active 54 W) produced the light, and the corals were subjected to a 12/12-h light/dark cycle for 1 month to adjust to laboratory conditions. Thirty coral nubbins were prepared through clones of the same P. damicornis colony. According to previous study, the yearly average sea surface temperature (SST) in South China Sea is about 26°C, with the lowest SST detected from January to February (24°C in Xisha Islands) and the highest SST detected from June to August (29°C in Xisha Islands) (Yan et al. 2015) . Meanwhile, about 5°C higher than the normal temperature is often employed in the heat stress treatment to explore the tolerance of stony coral to the changing climate (Berkelmans and van Oppen 2006; Hughes et al. 2003) . Therefore, seawater temperature of 28°C was used in the control group, while 32°C (4°C higher than the control group) was used in the heat stress group in the present study. The temperature was increased all at once. Twelve coral nubbins were moved to heated seawater, which were employed as heat stress group, while other 12 coral nubbins remained in the 28°C filtered seawater were employed as control group. Six nubbins were sampled randomly in the control and heat stress groups at 12 and 24 h after heat stress. The rest of six untreated nubbins were employed as blank group, and sampled at 0 h. All samples were stored in liquid nitrogen immediately for RNA extraction.
Transcriptome analysis
The transcriptomes of stony coral P. damicornis were sequenced under elevated ammonium, and 42,399 coral genes were obtained after transcript assembly and differentiation in our previous study (Yuan et al. 2017) . Likely coding regions of the assembled coral genes were identified, and their encoding proteins were retrieved using the software package TransDecoder (http://transdecoder. github.io/). Amino acid sequences of these proteins were aligned to Pfam database by HMMER software (http:// hmmer.org/) to predict potential domains. The proteins were selected, which contained HSP70 domain (PF00012, e value < 0.001), and further submitted to online SMART (http://smart.embl-heidelberg.de/smart/ set_mode.cgi?NORMAL=1) and InterPro (http://www. ebi.ac.uk/interpro/) servers to confirm the HSP70 domain.
The transcriptomes of stony coral P. damicornis were sequenced under high temperature and elevated ammonium, and the differentially expressed genes responsive to heat and ammonium stresses were also obtained after read mapping and abundance estimation . The expression levels of these coral genes whose coded proteins contained the HSP70 domain were retrieved in the Control (without any treatment), Heat (under heat stress), and Heat_NH4 (under the combined stress of heat and ammonium) groups, and meanwhile, the significant difference of their expression changes was analyzed further.
RNA isolation and complementary DNA synthesis
Coral nubbins (coral holobiont) were grinded in liquid nitrogen and added with 1 mL Trizol reagent (Invitrogen). The obtained mixture was transferred into a 1.5-mL centrifuge tube and centrifuged at 5000 rpm, 4°C for 5 min to discard calcium carbonate skeleton. Subsequently, total RNA was isolated according to the protocol described by Stefanik (Stefanik et al. 2013) .
The first-strand complementary DNA (cDNA) synthesis was carried out based on Promega M-MLV RT Usage information using the DNase I (Promega)-treated total RNA as template and oligo(dT)-adaptor as primer. The synthesis reaction was performed at 42°C for 1 h, terminated by heating at 95°C for 5 min. The cDNA mix was diluted to 1:100 and stored at − 80°C for subsequent SYBR Green fluorescent quantitative real-time PCR.
Gene cloning and sequence analysis
PdHSP70 gene (no. TR54627|c0_g1) was revealed, which responded to both heat and ammonium stress. To obtain the full-length cDNA of PdHSP70, two specific primers (Table 1) were designed based on the known sequence to clone its 3′ end by rapid amplification of cDNA end (RACE) approach. PCR amplification was carried out using specific sense primer and antisense primer Oligo (dT)-adaptor in a PCR Thermal Cycle (TaKaRa, GRADIENT PCR). The specific PCR products were gel-purified and cloned into pMD19-T simple vector (TaKaRa, Japan). After being transformed into the competent cells of Escherichia coli Top10F′, the positive recombinants were identified through anti-ampicillin selection and PCR screening. Three of the positive ones were sequenced on an ABI 3730 XL Automated Sequencer (Applied Biosystems). The sequencing results were verified and subjected to cluster analysis.
The homology searches of the cDNA sequence and protein sequence of PdHSP70 were conducted with BLAST algorithm at the National Center for Biotechnology Information (http://www.ncbi.nlm.gov/blast). The deduced amino acid sequence was analyzed with the Expert Protein Analysis System (http://www.expasy.org). SignalP 4.1 program was utilized to predict the presence and location of signal peptide, and the cleavage sites in amino acid sequence (http://www.cbs.dtu.dk/services/SignalP). Multiple alignment of the HSP70 domain in PdHSP70 and other HSP70s was performed with the ClustalW multiple alignment program (http://www.ebi.ac.uk/clustalw/) and multiple alignment show program (http://www.biosoft.net/sms/index.html). An unrooted phylogenic tree was constructed based on the deduced amino acid sequence of PdHSP70 and other known HSP70s by the neighbor-joining (NJ) algorithm using the MEGA7.0 software (http://www.megasoftware.net). To derive the confidence value for the phylogeny analysis, bootstrap trials were replicated 1000 times.
Quantitative real-time PCR and gene expression analysis
The quantitative real-time PCR was carried out in a total volume of 25.0 μL, containing 12.5 μL of 2× SYBR Green Master Mix (Applied Biosystems), 2.0 μL of the 100 times diluted cDNA, 0.5 μL of each primers (10 mmol L −1 ), and 9.5 μL of DEPC-water. A PdHSP70 fragment was amplified using two sequence-specific primers (Table 1) , and the PCR products were sequenced to verify the PCR specificity. Two elongation factor 1 (EF-1) primers (Table 1) were used to amplify a fragment as an internal control to verify the successful reverse transcription and to calibrate the cDNA template. The SYBR Green real-time PCR assay was carried out in a Mastercycler® ep realplex Sequence Detection System (Eppendorf). All data was given in terms of relative mRNA expression using the 2 −△△Ct method.
Recombinant expression of PdHSP70
The cDNA fragment encoding the mature peptide of PdHSP70 was cloned and inserted into pEASY-E1 expression vector with a His tag (Transgen, China). The recombinant plasmid was transformed into Trans1-T1 phage resistant chemically competent cell (Transgen). The forward positive clones were screened by PCR, and further confirmed by nucleotide sequencing. The valid recombinant plasmid was extracted and transformed into E. coli BL21 (DE3)-Transetta (Transgen). Positive transformants were incubated in LB medium (containing 100 mg mL −1 ampicillin) at 37°C with shaking at 220 rpm. When the culture mediums reached OD600 of 0.5-0.7, the cells were incubated for four additional hours with the induction of IPTG at the final concentration of 1 mmol L −1
. The recombinant protein PdHSP70 (designated rPdHSP70) were purified by a Ni 2+ chelating Sepharose column (GE Healthcare), pooled by elution with 400 mmol L for 12 h). Then, the resultant protein were separated by reducing 15% SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and visualized with Coomassie bright blue R250. The concentration of purified rPdHSP70 was quantified by BCA method . Then, the obtained protein was stored at − 80°C for subsequent experiment.
ATPase activity assay of rPdHSP70
ATPase activity was measured by the method described by Geladopoulos and Baykov with slight modifications (Geladopoulos et al. 1991; Baykov et al. 1988) . Briefly, 100 μL reaction mixture contained 2.0 μg rPdHSP70,
0.1 mmol mL − 1 MgCl 2 , 2.0 mmol mL − 1 DTT, and 0.01 mmol mL −1 ATP. The reaction mixtures were incubated at 25, 30, 35, and 40°C. After the incubation of 10 min, 10 μL 55% HClO 4 was added to stop the reaction. The mixture was incubated in ice for other 10 min, and centrifuged at 12,000 rpm for 3 min. Then, the concentration of inorganic phosphorus was determined using malachite green method. The ATPase activity was defined as the production amount of inorganic phosphorus catalyzed by 1 mg rPdHSP70 in 1 min (nmol min
).
Statistical analysis
All data was given as means ± SD. The data was subjected to one-way analysis of variance (ANOVA) followed by a multiple comparison (S-N-K). Differences were considered significant at P < 0.05.
Results
HSP70 cluster and response analyses
The amino acid sequences of 42,399 coral genes were aligned to Pfam database, and a total of 30 gene contigs were observed whose coding protein contained HSP70 domain (PF00012, e value < 0.001). These HSP70 domains were further confirmed through the resubmission of the sequences to online SMART and InterPro servers. The detailed information of 30 HSP70 contigs was shown in Table 2 . The differentially expressed genes after heat and ammonium stresses were retrieved, and we further analyzed the expression change of the 30 HSP70 gene contigs (Table 3 ). The expression level of five HSP70 genes (Gene_id TR12488|c0_g2, TR54627|c0_g1, TR68561|c2_g2, TR72486|c0_g1, and TR72486|c0_g2) in the Heat group was significantly higher than that in the Control group, while there were only two HSP70 genes (TR54627|c0_g1 and TR54627|c0_g2) whose expression levels in the Heat_NH4 group were significantly higher than that in the Control group. Furthermore, a common significantly upregulated HSP70 gene (TR54627|c0_g1) and no significantly downregulated HSP70 gene was observed after heat and ammonium stresses.
Molecular characterization of PdHSP70
A 2285-bp nucleotide sequence representing the complete cDNA sequence of PdHSP70 was obtained by overlapping TR54627|c0_g1 with the amplified fragments. The sequence was deposited in GenBank under accession no. KU920674.
The PdHSP70 cDNA contained a 5′ untranslated region (UTR) of 27 bp, a 3′ UTR of 305 bp with a poly(A) tail, and an open reading frame (ORF) of 1953 bp. The ORF encoded a polypeptide of 650 amino acids with the predicted molecular weight of 71.93 kDa. SMART program analysis revealed that PdHSP70 contained a HSP70 domain (from Pro8 to Gly616, e value of 3.6e−259). The HSP70 domain of PdHSP70 protein and other HSP70s were aligned, which revealed three conserved cysteine residues (Fig. 1) . PROSITE predicted that PdHSP70 contain three HSP70 family signature sequences, including signature 1 (I 11 DLGTTyS 18 ), 2 (I 199 FDLGGGTfdvSVL 212 ), and 3 (V 337 vLvGGsTRIPkIqS 351 ).
Sequence identity and phylogenetic relationship
The amino acid sequence similarity of PdHSP70 with HSP70s from other animals was analyzed by BLAST search and alignment analysis, and it shared highest similarity of 95% with that from Stylophora pistillata (AKC91104). The phylogenic tree constructed based on all amino acid sequences of HSP70s was shown in Fig. 2 . Three distinct groups were separated in the tree. The PdHSP70 was first clustered with HSP70s from coral S. pistillata (AKC91104), oyster Crassostrea gigas (EKC30019), beetle Colaphellus bowringi (AHF52926), mosquito Anopheles darling (ETN65122), fly Oxycera pardalina (ADJ96607), and Liriomyza huidobrensis (AAW32098) to form the first group, and then gathered together with HSP70s from ticks Haemaphysalis flava (AIS39468) and five nematodes in the second group, including Caenorhabditis remanei (XP_003103426), Caenorhabditis brenneri (EGT42118), Dracunculus medinensis (ADI54942), Trichuris suis (KFD56098), and Trichinella native (ABR58855). All the HSP70s from vertebrates were clustered together and formed a sister clade to those from invertebrates, including fish Oreochromis aureus (ACJ04036) and chicken Gallus gallus (AAP37959).
Temporal expression of PdHSP70 gene after heat stress
The mRNA expression of PdHSP70 in coral after heat stress was quantified by quantitative real-time RT-PCR (Fig. 3) . The expression level of PdHSP70 mRNA increased significantly in the heat stress group, and it reached the highest level at 12 h after heat stress (2.08-fold of that in the blank group, P < 0.05). Then, it decreased to the initial level at 24 h after heat stress (0.66-fold, P > 0.05). Furthermore, there was no significant difference in PdHSP70 mRNA expression between the blank and control group during the whole experiment.
Recombination and purification and PdHSP70 protein
After IPTG induction, the whole cell lysate of E. coli BL21 (DE3)-Transetta with the expression plasmid was analyzed by SDS-PAGE. A distinct band with a molecular weight of~71.93 kDa (Fig. 4) was revealed, which was consistent with the predicted molecular mass. The concentration of the purified rPdHSP70 was determined to be 139.04 μg mL −1 .
ATPase activity of the rPdHSP70 under different temperatures
After purified and renatured, ATPase activities of rPdHSP70 were determined at the temperature of 25, 30, 35, and 40°C, and the activities were 21.76, 21.88, 13.60, and 16.20 nmol min
, respectively (Fig. 5) . Furthermore, there was no significant difference among them (P > 0.05).
Discussion
The HSP70 is a family of conserved ubiquitously expressed heat shock proteins, which is an important part of the cell's machinery for protein folding, and help to protect cells from stress (Mayer 2013) . The HSP70s existing in virtually all living organisms have similar structures and functions (Kim et al. 2013) . Several HSP70s have been identified in stony corals, and it has been demonstrated that these HSP70s were implicated in the stress response of stony corals against environmental changes (Rosic et al. 2014; Leggat et al. 2011; Robbart et al. 2004) .
In the present study, HSP70 genes in P. damicornis were identified through the prediction of HSP70 domain using three different methods. A total of 30 HSP70 gene contigs were identified, whose coding protein contained HSP70 domain (e value < 0.001). It demonstrated that stony coral P. damicornis had equipped a set of HSP70 proteins to protect cells from heat or oxidative stress. There were more HSP70s in the stony coral P. damicornis than that in other cnidarian, and 22, 13, and 11 HSP70 genes were observed in three genome-sequenced cnidarian, including Acropora digitifera, Nematostella vectensis, and Hydra magnipapillata, respectively (Shinzato et al. 2012; Shinzato et al. 2011; Chapman et al. 2010; Putnam et al. 2007 ). It might indicate that the stony coral P. damicornis retained a strong capability to protein repair, which have crucial roles in protecting cells against heat and other stresses. The Pacific oyster Crassostrea gigas whose genome contains 88 HSP70 genes have the ability to cope with harsh and dynamically changing environments (Zhang et al. 2012) . Therefore, the transcription response of the 30 HSP70 genes to heat and ammonium stresses was analyzed to comprehend their involvement in the stress response in the stony coral P. damicornis. There were five HSP70 genes (TR12488|c0_g2, TR54627|c0_g1, TR68561|c2_g2, TR72486|c0_g1, and TR72486|c0_g2) in the Heat group and two ones (TR54627|c0_g1 and TR54627|c0_g2) in the Heat_NH4 group, whose expression levels were significantly higher than that in the Control group. One HSP70 gene (TR54627|c0_g1) was revealed to be of dual responsiveness, indicating that the HSP70 genes (PdHSP70) could be Table 3 The expression level of all HSP70 genes in the Control, Heat, and Heat_NH4 groups. The significant difference between the Heat/Heat_NH4 and Control group is indicated by asterisks. a vital heat shock protein 70 in the stress response of the stony coral P. damicornis. In order to understand the potential function of PdHSP70, its gene was cloned and further analyzed. The PdHSP70 gene was identified from stony coral P. damicornis. Its full-length cDNA was of 2285 bp, containing a 5′ UTR of 27 bp, a 3′ UTR of 305 bp with a poly (A) tail, and an ORF of 1953 bp encoding a polypeptide of 650 amino acids. The deduced amino acid sequence of PdHSP70 was identical with that of the pPd9-1 observed by Hashimoto et al. (2004) , except for nine amino acid residues, revealing that they could be the same HSP70 gene. Furthermore, PdHSP70 shared highest amino acid sequence identity (95%) with HSP70 from coral S. pistillata. It was first clustered with HSP70s from other cnidarian, nematode, mollusk, and arthropods in NJ phylogenic tree, and then gathered together with HSP70 from vertebrates. A conserved HSP70 domain (PF00012) was identified in PdHSP70, and three HSP70 family signature sequences were predicted in the domain, including signature 1 (I 11 DLGTTyS 18 ), 2 (I 199 FDLGGGTfdvSVL 212 ), and 3 (V 337 vLvGGsTRIPkIqS 351 ). The lacking of signal peptide in PdHSP70 indicated that it could be released through the lysosomal pathway (non-canonical secretion pathway) under environmental stress (Mambula et al. 2007 ). The amino acid sequence identity of PdHSP70 with other HSP70s, together with its conserved functional domains and evolutionary relationship, strongly suggested that it was a homolog of HSP70 in the stony coral P. damicornis.
To confirm the involvement of PdHSP70 in the stress response of the stony coral P. damicornis, its temporal mRNA positions where all sequences share the same amino acid residue. Similar amino acids were shaded in gray. Gaps were indicated by dashes to improve the alignment. The asterisk indicated the conserved cysteine residue expression was examined after heat stress. The PdHSP70 mRNA expression level increased significantly in the heat stress group at 12 h. It demonstrated that heat stress could induce the expression of PdHSP70 gene at the early stage. The present result was similar with the observations that the expression level of PdHSP70 was upregulated after the stresses of red soil, elevated temperature, and pCO 2 (Mayfield et al. 2013; Putnam et al. 2012; Hashimoto et al. 2004) . Combined with these reports, PdHSP70 transcription could be induced by various environmental stress at hours, days, and weeks. It further demonstrated that PdHSP70 could be a vital heat shock protein 70 in the stress response of the stony coral P. damicornis. The induction of PdHSP70 expression after environmental stress could also be mediated by heat shock factor, which would dissociate from HSP70 to translocate to the cell nucleus and activate the transcription of HSP70 during environmental stress (Locke and Tanguay 1996; Abravaya et al. 1992) , because several heat shock factor genes had been identified in other cnidarian genome (Baumgarten et al. 2015) . More PdHSP70 protein could prevent partially denatured proteins from aggregating, and allows them to refold, so as to protect coral cells from heat stress. Furthermore, PdHSP70 protein might inhibit coral apoptosis during heat bleaching, because HSP70 could block the recruitment of procaspase-9 to the Apaf-1/dATP/cytochrome c apoptosome complex (Beere et al. 2000) . These results collectively suggested that PdHSP70 could be involved in the heat stress response after the induced expression, which might be relevant to the progress of coral bleaching.
When not interacting with a substrate peptide, HSP70 is usually in an ATP-bound state. HSP70 by itself is characterized by a very weak ATPase activity (Jinwal et al. 2009; Tsai and Douglas 1996) . In order to examine the ATPase activity of PdHSP70 and assess its heat stability, the cDNA fragment encoding the mature PdHSP70 was recombined and expressed. The ATPase activities of purified rPdHSP70 were determined under different temperature, and it did not change significantly at 25-40°C. It demonstrated the PdHSP70 would still have stable activity in the stony coral P. damicornis after heat stress. The stable activity of PdHSP70 could result from its stable conformation under different temperature, especially high temperature (Bascos et al. 2017) . The heat stability of PdHSP70 had remarkable meaning for the heat adaptation of the stony coral P. damicornis, because it might regulate negatively the induction of coral bleaching under heat stress. Firstly, PdHSP70 was able to refold the unfolded or misfolded proteins and reduce their accumulation, which would activate unfolded protein response to trigger coral bleaching (Ruiz-Jones and Palumbi 2017). Secondly, PdHSP70 might inhibit directly the apoptosis under heat stress. Because apoptosis has been observed as a main cellular process during coral bleaching Kvitt et al. 2015; Tchernov et al. 2011) , PdHSP70 could play a crucial role in preventing the bleaching development of the stony coral P. damicornis. It suggested that PdHSP70 could sustain its refolding activity under high temperature, and it might reduce the bleaching induction of the stony coral P. damicornis under high temperature.
